The saturable absorption dynamics of DODCI in a femtosecond dye laser is studied theoretically. The N-isomer and P-isomer photoisomerization dynamics is included. The wavelength region between 5-10 nm and 650 nm is considered where the N-isomer and P-isomer absorption dynamics changes from short-wavelength to longwavelength S0-S1 excitation. The slow saturable absorber DODCI shortens a circulating pulse in a laser oscillator down to femtosecond duration if the gain medium compensates the absorber losses. Fast local relaxation in the $1-state in the case of short-wavelength excitation and fast level refilling in the So-state in the case of longwavelength excitation facilitate the pulse shortening and the background signal suppression.
I. Introduction
The organic dye DODCI (3,Y-diethyloxadicarbocyanine iodide) [1, 2] is widely used as a saturable absorber in passively mode-locked pulsed dye lasers [3, 4] and c.w. dye lasers [5] [6] [7] [8] . It is applied in the wavelength region between 574nm [9] and 645nm [4] . Especially in a prism balanced colliding-pulse mode-locked rhodamine 6G ring dye laser pulse durations down to 20 fs have been generated around 620 nm using DODCI as the mode-locking dye [10, 11] .
Laser excitation of DODCI leads to photoisomerization [2, 6] . The N-isomer mainly present in the ground-state at thermal equilibrium [12] is partially transferred to the P-isomer conformation [13, 14 and references therein] . For DODCI in ethylene glycol the absorption peak of the N-isomer is at 585nm and that of the P-isomer is at 620nm [12] . In some papers [3, 11, 15, 16 ] the bleaching of the ground-state P-isomer absorption is thought to be responsible for the picosecond and femtosecond pulse generation in passively mode-locked rhodamine 6G dye lasers in the wavelength region above 600 nm.
In this paper a detailed numerical analysis of the saturable absorption dynamics of DODCI in the wavelength region between 570 nm and 650 nm is given. The single transit of a pulse through the absorber and the repetitive passage of a pulse circulating in an oscillator are studied. The N-isomer-P-isomer photoisomerization dynamics is included [13, 14] . In the long-wavelength absorption region the bleaching dynamics of the fraction of molecules interacting with the laser light is considered [17, 18] . It is found that the slow saturable absorber is able to shorten nanosecond Gaussian pulses down to femtosecond pulses in multiple passages if the gain medium compensates the absorber losses. The fast relaxation of the excited Franck-Condon level in the St-state in the case of short-wavelength excitation, and the fast spectral cross-relaxation in the S0-ground state in the case of 0306-8919/91 $03.00 + .12 9 1991 Chapman and Hall Ltd.
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Theory
The So and $1 potential energy diagrams of the N-and P-isomer conformations of DODCI have been determined in [12, 13] . The relevant energy level diagrams for the saturable absorption dynamics are displayed in Fig. 1 . Depending on the laser wavelength 2L three different situations occur: Case (a) for 2L < 598 nm all N-and P-molecules take part in the absorption process (short-wavelength interaction). The molecules are excited to vibronic Franck-Condon states in the SI band. Case (b) for 598 nm < 2L < 631 nm only a fraction of thermally excited N-isomer molecules interacts with the laser light (long-wavelength absorption) while all P-isomer molecules are involved in the absorption process (shortwavelength interaction). Case (c) for 2L > 631 nm the long-wavelength absorption situation applies to both the N-and P-isomers.
The rate equations for the three situations are given in the following. The transformations t" = t -nz/co and z' = z are used, where t is the time, n the refractive index, z the distance along the propagation direction, and Co the vacuum light velocity. The excited state absorption and the absorption anisotropy are neglected (for inclusion see [17] ). Excited-state absorption of DODCI has been studied in [19] .
For 2L < 598 nm (case a) the equations read 
Figure 1 So and S 1 singlet level diagrams of N-and P-isomers of DODCI in ethylene glycol for description of saturable absorption. (a) Short-wavelength So-S ~ excitation of N-and P-isomers for 2 L < 598 nm, (b) Long-wavelength N-isomer excitation and short-wavelength P-isomer excitation for 598 nm < 2 < 631 nm; (c) Long-wavelength S0-S 1 excitation of N-and P-isomers for 2L > 631 nm.
